
PCX WORLD '^^nSLLBCnMLrecWEBTY OBOANZZjmm 

INTERNATIONAL APPUCATIW PUBUSHEP UNDER THE PATENT COOPERATI W TREATY (PCT) 



: (51) fntfrmrtBiMl Pattst aasdflcatioa 6 : 




(IDInttra 


idoadPidilkitiooHambcR WO 95/05132 


; A61F2/06 


Al 


(43) Intern 




! 




HfonH PDblkatiaa Date: 23 Fefanuiy 199S (23.02^ 



(21) Intcraatioiiai Appttcatfon Nombor: 

(22) Internatioiud FOint Date: 



PCT/US94^9()4 
4 Mky 1994 (04.05.94) 



(30) Priority] 

OS/109^14 



18 Aagasc 1993 (18.08.93) 



US 



(71) AppUcaat: WI« GORE & ASSOCIATES. INC. [US/US]; 551 

Paper Nfiil Road, P.O. Box 9206, Newufc. DE 19714 (US). 

(72) lofoton: MYERS, David, J.; HC75, Box 2476, Camp Veide, 

AZ 86322 (US). LEWIS, James, D.; Route 4. Box 779, 
FoRst rais Ddve, FU^tafit, AZ 86001 (US). HOUSE, 
WayoB, Da 7650 N. Soowbovd RtMd, Fla^taff, AZ 86001 
(US). SCHWARZ. Kaii, £4 2535 Mfey Loop, Fla^tafl; 
AZ 86004 (US). 

(74) AfBBtK J(»1NS, David, J. et at; WX. Goce & Asaociatet. Lk^ 
551 P^KT Mm Road, P.O. Box 9206. Newaifc, DB 197U 
(US). 



(SDDcifSiialedStalo: AT. AU, BB, Ba BR, BY, (Ia, CH, CN. 
CS; DE, DK. ES. f=i GB, HU, JP, KP, KR, KZ, LK, LU. 
MG, MN, MW, NU NO, NZ, PU PT, RO, RU, SD, SE, 
SK, UA, VN, Eaiopean patent (AT, BE, C3i DE, DK. ES, 
FR, GB, GR, IE, IT, LU, MC, NL, FT, SE>. 



PublMwl 

With kmrrtaticmU starch 



(54>Titic: AN INTRALUMINAL STENT GRAFT 




(57) Abrtrad 

A tabal« inlcaUnmnal (raft in die fecm of a tubolar dametncaOy a{|aittble saeot hginag a tabdar covering of pocoBi 
polytetrafloofoediyteoewfakh IS less than 0.10 oimifaii^ Tba covenag may be on die extcricc sorfm of dks aacia, or oo it» ioicto 
of die steat, or bodL Hie oovering may be affixed to die saeta by an adbeove which is pcetofaty flao rina tt d ediylcw peopyleae. 



FOR 7BB FVRfOSES OF iNFORMAllON ONLT 



Codes Qied to ideatiiy StM pscty to die PCT oa fiko 
appticadoos under die PCT. 




wo 95A)5132 



PCT/US94A)4904 



1 

AN INTRALUMINAL STENT GRAFT 



FIELD OF THE INVENTION 

This Invention relates to the field of Intraluminal grafts and 
5 particularly to thin-wall Intralualnal grafts useful as an Inner 
lining for blood vessels or other body conduits. 



BACKGROUND OF THE INVENTION 

Conventional vascular grafts have long been used for vascular 
repair in humans and animals. These devices are typically flexible 

10 tubes of Moven or knitted polyethylene terephthalate or of porous 
polytetrafluoroethylene (hereinafter PTFE). Grafts of biological 
origin are also used, these being typically fixed human umbilical or 
bovine arteries. These conventional vascular grafts usually require 
invasive surgical methods that expose at least both ends of the 

15 segment of vessel to be repaired. Frequently it Is necessary to 
expose the entire length of the vessel segment. These types of 
repairs consequently cause major trauma to the patient with 
corresponding lengthy recovery periods and may result In occasional 
mortal Ity. 

20 Alternative methods have evolved which use Intraluminal vascular 

grafts In the form of adjustable stent structural supports, tubular 
grafts or a combination of both. These devices are preferably 
remotely Introduced Into a body cavity by the use of a catheter type 
of delivery syston. Alternatively they may be directly 1sq)lanted by 

25 Invasive surgery. The Intent of these methods Is to maintain patency 
after an occluded vessel has been re-opened using balloon angioplasty, 

- laser angioplasty, atherectoqy. roto-ablatlon. Invasive surgery, or a 
combination of these treatments. 

Intraluminal vascular grafts can also be used to repair 

30 aneurysmal vessels, particularly aortic arteries, by Inserting an 
intraluminal vascular graft within the aneurysmal vessel so that the 
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prosthetic withstands the blood pressure forces responsible for 
creating the aneurysm. 

Intraluminal vascular grafts provide a new blood contacting 
surface within the lumen of a diseased living vessel. Intraluminal 
5 grafts are not, however, limited to blood vessels; other applications 
include urinary tracts, biliary ducts, respiratory tracts and the 
like. 

If the intraluminal graft used is of thin enough wall and 
adequate flexibility, it may be collapsed and Inserted Into a body 

10 conduit at a smaller diameter location remote from the intended repair 
site. A catheter type of delivery system is then used to move the 
intraluminal graft into the repair site and then expand Its diameter 
appropriately to conform to the inner surface of the living vessel. 
Various attachment methods including the use of adjustable stents may 

15 be used to secure the intraluminal graft at the desired location 
without the necessity of invasive surgery. 

Intraluminal vascular grafts were suggested as early as 1912 in 
an article by Alexis Carrel (Results of the permanent intubation of 
the thoracic aorta. Surg., 6yn and Ob. 1912;15:245-248). U.S. Patent 

20 3,657,744 to Ersek describes a method of using one or more adjustable 
stents to secure a flexible fabric vascular graft intraluminal ly, the 
graft and stent having been introduced distal ly and delivered to the 
desired position with a separate delivery systw. 

Choudhury, U. S. Patent 4,140,126, describes a similar method of 

25 repairing aortic aneurysms whereby a polyethylene terephthalate 

vascular graft is fitted at its ends with metal anchoring pins and 
pleated longitudinally to collapse the graft to a size small enough to 
allow for distal introduction. 

Rhodes, U.S. Patent 5,122,154 and Lee, U.S. Patent 5,123,917. 

30 describe endovascular bypass grafts for intraluminal use which 

_ comprise a sleeve having at least two diametrically-expandable stents. 
Rhodes teaches that the sleeve material is to be made of conventional 
vascular graft materials such as 60RE-TEX* Vascular Graft («. L. 6ore 
& Associates. Inc.. Flagstaff AZ) or Impra* Graft (Impra, Inc. Tempe 

35 AZ). Both the GORE-TEX Vascular Graft and Impra Graft are extruded 
and longitudinally expanded PTFE tubes. Additionally, the GORE-TEX 
Vascular Graft possesses an exterior helical wrapping of porous 
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expanded PTFE film. The difficulty with the use of either the GORE- 
TEX Vascular Graft or the Impra graft as the sleeve conponent is that 
the relatively thick, bulky wall of the extruded, longitudinally 
expanded PTFE tubes Units the ability of the tube to be contracted 
5 into a small cross-sectional area for insertion into a blood vessel. 
For example, the wall thickness of a 6 no inside diameter Thin Walled 
GORE-TEX Vascular Graft is typically 0.4 m. The thinness of the wall 
is limited by the difficulty of manufacturing an extruded, 
longitudinally expanded tube having a thin wall of uniform thickness. 



10 SUnURY OF THE INVENTION 

The present Invention Is a tubular intraluminal graft comprising 
a tubular, diametrically adjustable stent having an exterior surface, 
a luminal surface and a wall having a multiplicity of openings through 
the wall, and further having a tubular covering of porous expanded 

IS PTFE film affixed to the stent, said covering being less than about 
0.10 mm thick. 

Porous expanded PTFE film has a alcrostnicture of nodes 
interconnected by fibrils and is made as taught by U.S. Patents 
3.953.566; 4.187.390 and 4.482.516. As will be described further, the 

20 fibrils may be unlaxlally oriented, that Is, oriented in primarily one 
direction, or multlaxlally oriented, that is. oriented In more than 
one direction. The term expanded Is used herein to refer to porous 
expanded PTFE. The terms expand, expanding and expandable are used 
herein to refer to diametrically adjustable Intraluminal stents. Hore 

25 specifically, the term balloon-adjustable refers to stents of the 

Palmaz type as taught by U.S. Patent 4,776,337 which typically require 
a balloon catheter to Increase the diameter of the stent within a 

_ blood vessel. The term self-expanding refers to stents which increase 
in diameter by various other means. Stents of this type include 

30 stents of braided wire made as taught by Wallsten, U.S. Patent 

4,544,771; and stents of formed wire made as taught by Glanturco. U.S. 
Patent 4,580.568. Stents of this type expand to a larger diameter 
after being released from a constraining force which restricts them to 
a smaller diameter. Self -expanding stents also Include stents formed 
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from Nitinol wire made as taught by PCT US 92/03481. These stents 
expand In diameter when exposed to a slight Increase In temperature. 

The tubular covering of porous expanded PTFE film may be affixed 
to either the exterior surface or the luminal surface of the stent, 
5 Alternatively, a first tubular covering of porous expanded PTFE film 
may be affixed to the exterior surface of the tubular diametrically 
adjustable stent and a second tubular covering of porous expanded PTFE 
film may be affixed to the luminal surface of the tubular 
diametrically adjustable stent. The first and second tubular 

10 coverings of porous expanded PTFE film may be affixed to each other 
through the openings through the wall of the stent. 

The porous expanded PTFE film may be affixed to the stent with an 
adhesive. The adhesive may be a thermoplastic adhesive and more 
preferably a thermoplastic fluoropolymer adhesive such as fluorlnated 

15 ethylene propylene (hereinafter FEP) or perfluoroaUo}^ (hereinafter 
PFA). Where first and second tubular coverings of expanded PTFE film 
are affixed to each other through the multiplicity of openings in the 
stent wall, the two coverings may be affixed by heating thai above the 
crystalline melt point of the PTFE film adequately to cause then to 

20 thermally adhere, or alternatively they may be affixed by an adhesive 
such as FEP. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 Is a side view of a typical diametrically adjustable 
stent. 

25 Figure 2 Is an enlarged schematic representation of the microstructure 
of porous expanded PTFE film having a microstructure with 
uniaxial ly-oriented fibrils as used to construct Examples 1 and 
_ 3. 

Figures 3A and 3B describe enlarged schematic representations of the 
30 microstructure of porous expanded PTFE film having 

microstructures of multlaxially-orlented fibrils as used to 

construct Example 2. 
Figure 4 Is a transverse cross section of the stent of Example 1 

having a luminal layer of porous expanded PTFE fila with 
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longitudinally-oriented fibrils and an exterior layer of porous 

expanded PTFE film with circunferentially-oriented fibrils. 
Figure 5 is a transverse cross section of the steat of Exaople 2 

having a luminal layer of porous expanded PTFE film with 
5 biaxi ally-oriented fibrils. 

Figure 6 is a transverse cross section of the stent of Exaople 3 

having an exterior layer of porous expanded PTFE film with 

c i rcumf erent i al ly-or i ented f i br 11 $ . 
Figure 7 describes a method of collapsing a previously outwardly 
10 adjusted balloon-expandable stent. 

Figure 8 describes the fitting of a single tubular sleeve to both the 

exterior and luminal surfaces of a stent. 
Figure 9 describes the removal a covered, braided wire stent of the 

self-expanding type from a manufacturing mandrel by everting the 
15 braided wire, thereby placing the covering on the lininal surface 

of the stent. 



DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 is a side view of a typical diametrically adjustable 
stent. The stent Is shown as It would appear Implanted Into a body 

20 conduit with Its diameter adjusted beyond the collapsed pre- 

implantation diameter. While the stent shown Is made from metal wire, 
a perforated sleeve having perforations of suitable shape, size and 
quantity may also be used. Various suitable stents are described by 
U. S. Patent 4.776,337 to Palmaz and PCT US 92/03481 to Hess. These 

25 stents may be made from implantable metals such as titanium, stainless 
steel, or Nitlnol. 

The stent may be provided with an exterior covering of porous 

_ expanded PTFE film, or a luminal covering of porous expanded PTFE 
film, or with both exterior and luminal coverings. Un i axial 1y- 

30 oriented films having a microstructure of uni axial ly-oriented fibrils 
wherein substantially all of the fibrils are oriented parallel to each 
other may be used. Multiaxlally-oriented films having a 
microstructure of blaxlally or multlaxi ally-oriented fibrils wherein 
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the fibrils are oriented In at least two directions which are 
substantially perpendicular to each other nay also be used. 

Figure 2 describes an enlarged schematic representation of the 
microstructure of nodes H connected by fibrils 12 of a filn 2ft 
5 wherein the uniaxi ally-oriented fibrils 12 are substantially parallel 
to each other. Figures 3A and 3B describe enlarged schematic 
representations of alternative micros tract ures of porous expanded PTFE 
films that may also be used for making the present invention. These 
microstructures have nodes interconnected by fibrils wherein the 

10 fibrils are oriented in at least two directions which are 

substantially perpendicular to each other. Figure 3A describes a 
microstructure 2ft of nodes H and fibrils 12 and 15 wherein the 
fibrils 11 and 12 are biaxial ly-orlented fibrils which are oriented in 
two different directions that are substantially perpendicular to each 

15 other. Those microstractures may contain some fibrils IZ which are 
not oriented in the two different directions. Figure 3B describes 
another alternative microstracture 22 wherein the fibrils 21 ere 
multiaxlally-oriented fibrils oriented In virtually all directions 
within the plane of the sheet material. Either of these films may be 

20 made by having been expanded two directions that are perpendicular to 
each other. The microstracture 2& of muU1ax1a11y*oriented fibrils 21 
may also have been made by being expanded In more than two directions 
as shown by Figure 3B. The manufacture of these films Is taught by 
U.S. Patents 3.953»566; 4,198.390 and 4,482.516. 

25 The fibril lengths of the porous expanded PTFE films referred to 

herein were estimated mean values obtained by examining scanning 
electron photomicrographs of these films. For multiaxlally-oriented 
films, these estimates Included consideration of fibrils oriented 1ft 
all directions. The mean fibril lengths of the films used to 

30 constract the intraluminal grafts of the present Invention are 
preferred to be within the range of about S to about 120 microns. 

~ although fibril lengths beyond this range may also be useful. 

Wall thickness measurements of Intraluminal graft stent coverings 
were determined by cutting away a portion of the covering that covered 

35 an opening through the stent wall. The thickness of the sample 

portion was measured by placing the sample portion between the pads of 
a Nitutoyo model no. 804-10 snap gauge having a part no. 7300 frame. 
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and gently easing the pads Into contact with the sample portion until 
the pads were in full contact with the sample portion under the full 
force of the spring-driven snap gauge pads. Flla density oeasurements 
were based on the bulk volume of a film sample using the snap-gauge 
thickness measurement. 

The following examples of intraluminal stent grafts are intended 
to be illustrative only and ire not intended to limit the scope of the 
invention to only the constructions described by these examples. 



EXAMPLE 1 

10 A Nitinol wire stent |fl (Hitinol Hedical Technologies. Boston. 

HA) of the type described by Figure 1 was provided with both a luminal 
covering and an exterior covering of expanded PTFE film. This 3 cm 
long stent was formed from 0.2S mm diameter Nitinol wire into a 
tubular shape of interlocking hexagons. The luminal and exterior 

15 coverings were both made from a uniaxial ly-orlented film having 
fibrils oriented substantially in a single direction wherein the 
fibrils were all substantially parallel to each other. The liminal 
covering was provided with the fibrils oriented parallel to the 
longitudinal axis of the tubular stent; the exterior covering was 

20 provided with the fibrils oriented substantially circumferential to 
the tubular stent. The film used for both the luminal and exterior 
coverings was a porous expanded PTFE film having a discontinuous, 
porous coating of FEP applied to one side of the porous expanded PTFE 
fllB. Examination of the FEP coated side of the film by scanning 

25 electron microscopy revealed FEP on only small portions of the nodes 
and fibrils at the surface of the film. It was estimated that less 
than lOX of the available node and fibril surface area exposed at the 

_ surface of the film was covered by FEP. The presence of the FEP 

adhesive thus had little or no adverse effect on the porosity of the 

30 porous PTFE film. 

The FEP-coated porous expanded PTFE film was made by a process 
which comprises the steps of: 
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a) contacting a porous PTFE film with another layer which Is 
preferably a film of FEP or alternatively of another 
thermoplastic polymer; 

b) heating the composition obtained in step a) to a temperature 
5 above the melting point of the thermoplastic polymer; 

c) stretching the heated composition of step b) while maintaining 
the temperature above the melting point of the thermoplastic 
polymer; and 

d) cooling the product of step c). 

10 In addition to FEP, other thermoplastic polymers Including 

thermoplastic fluoropolymers may also be used to make this coated 
film. The adhesive coating on the porous expanded PTFE film may be 
either continuous (non-porous) or discontinuous (porous) depending 
primarily on the amount and rate of stretching, the temperature during 

15 stretching, and the thickness of the adhesive prior to stretching. 

The discontlnuously FEP-coated porous expanded PTFE film used to 
construct this example was of about 0.01 mm thickness and had a 
density of about 0.3 g/cc. The microstructure of the porous expanded 
PTFE contained fibrils of about 50 micron mean fibril length. 

20 A 3.0 cm length of film 2ft having unlaxlally-orlenttd fibrils was 

wrapped as a single layer il around a hollow, tubular, 1.5 cm outside 
diameter mandrel 11 of non-porous PTFE to form a seam i£ as described 
by the cross section of Figure 4. The seam edges overlapped as 
shown by about 3 mm. The fibrils of the film were oriented parallel 

25 to the longitudinal axis of the mandrel; the FEP-coated side of the 
film faced away from the surface of the mandrel. The Nitlnol stent 
was carefully fitted over the film-wrapped portion of the mandrel. 
The 3 cm length of the stent was centered over the 3.0 cm length of 
film-wrapped mandrel. The stent was then provided with an exterior 

30 covering 12 of a 3.0 cm wide tape of the film described above by 
_ wrapping the tape circumferentlally around the exterior surface of the 
mandrel so that the edges of the circumferenti ally-wrapped tape 
overlapped by about 3 mm to form seam 12* The circumferentlally 
wrapped covering was oriented so that the FEP-coated side of the tape 

35 faced Inward In contact with the exterior surface of the stent and the 
outward facing FEP-coated surface of the luminal layer of film exposed 
through the openings In the stent. Except for the overlapped seam 
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edges 42. the circumferentl ally-wrapped covering was only one film 
layer thick. The uniaxially-orlented fibrils of the microstructure of 
the circumferenti ally-wrapped tape were circumferenti ally-oriented 
about the exterior stent surface. 

The film-wrapped mandrel assembly was placed into an oven set at 
360*C for a period of 4 minutes after which the film-wrapped mandrel 
was removed from the oven and allowed to cool. Following cooling to 
approximately ambient temperature, the mandrel was removed from the 
film-wrapped stent. The amount of heat applied was adequate to melt 
the FEP-coatlng on the porous expanded PTFE film and thereby cause 
adjacent layers of film to adhere to each other. Thus the luminal 
layer of film was adhered to the exterior circumferenti ally wrapped 
layer through the openings between the adjacent wires of the stent. 
The combined thickness of the luminal and exterior coverings was about 
15 0.025 mm. 

The film-covered stent was then chilled In a bath of Ice water 
while being rolled between human fingers applying compression 
diametrically across the stent. This reduced the outside diameter of 
the stent to about 0.3 cm. The collapsed stent was then heated by 
inmerslon in about 40-C water, thereby increasing the stent diameter 
to about 1.5 cm. The film covering showed no visible adverse effects 
from the process of shrinking and Increasing the stent diameter. 



20 



EXAMPLE 2 

A Nitinol wire stent of the same type used for Exauvle 1 was 
25 provided with a luminal covering of a porous expanded PTFE film having 
a microstructure of blaxi ally-oriented fibrils as shown by Figure 3A. 
This was accomplished by wrapping a hollow tubular mandrel of non- 
_ porous PTFE with a layer of porous expanded PTFE film having a 

continuous (non-porous) coating of FEP with the FEP-coated side of the 
30 film facing outwardly away from the mandrel surface. This film was 
about 0.02 mm thick; the porous expanded PTFE had a microstructure of 
uniaxially-orlented fibrils with the fibrils oriented 
circumferenti ally about the exterior surface of the mandrel. The 
Nitinol stent was carefully fitted over the film-wrapped portion of 
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the mandrel. The mandrel assembly was then placed Into an oven set at 
360*C for four minutes. After removal from the oven and subsequent 
cooling, the mandrel was removed from the stent leaving the wrapped 
film adhered to the luminal surface of the stent. This film was then 
5 peeled from the luminal stent surface, leaving the FEP-coatIng and 
some small shreds of residual porous expanded PTFE adhered to the 
luminal surface of the stent wires. By removing the film and leaving 
the FEP adhesive on the luminal stent surface, the film served only as 
a release substrate for the application of the adhesive to the stent 
10 surface. 

As shown by Figure 5, the mandrel 12 was then provided with a 
single layer £1 wrapping of a porous expanded PTFE film 15 having a 
microstructure of biaxially-oriented fibrils. This film was of about 
30 micron fibril length, about 0.08 m thickness, about 0.3 g/cc 

15 density and did not have an FEP coating. The biaxially-oriented 

fibrils were oriented to be substantially parallel to the longitudinal 
axis of the mandrel and to the circumference of the mandrel. 

The film was overlapped adequately to form a 2 mn wide, 
longitudinally oriented seamllne 15 parallel to the longitudinal axis 

20 of the mandrel. A sheet of polyanlde film was traporarlly placed over 
the surface of the seam and then contacted with the surface of a hand- 
held Iron set at 400*C to cause the PTFE film seam edges to adhere to 
each other. Excess material beyond the 2 ni wide seam was trlnned 
away and discarded. The stent was again carefully fitted over the 

25 film-covered mandrel. The resulting assembly was placed into an oven 
set at 380*C for three minutes and then removed and allowed to cool, 
after which the mandrel was removed from the stent. The porous 
expanded PTFE film appeared to be well adhered to the luminal surface 
of the wire stent by the FEP coating left from the first, previously 

30 removed, layer of film. The wall thickness of the PTFE film covering 
was about 0.08 mo. 

~ The film-covered stent was then chilled In a bath of ice water 

while being rolled between human fingers applying compression 
diametrically across the stent. This reduced the outside diameter of 

35 the stent to about 0.3 cm. The collapsed stent was then heated by 
Immersion in about 40'C water, thereby increasing the stent diameter 
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to about 1.5 cm. The film covering showed no visible adverse effects 
from the process of shrinking and increasing the stent diameter. 

EXAMPLE 3 

A Palmaz stent of the balloon-expandable type (part no. PS30, 
5 Johnson & Johnson Interventional Systems, Inc., Warren, NJ} was 

adjusted from its collapsed outside diameter of 3.4 nn to an enlarged 
outside diameter of 8.0 mm by Inserting a tapered stainless steel 
mandrel followed by a straight 8.0 m diameter stainless steel 
mandrel. This stent was then provided with a single layer exterior 

10 wrapping of the same discontlnuously FEP-coated porous expanded PTFE 
coating used for the exterior wrapping of the stent of Example 1. 
This was accomplished by wrapping the film about the exterior surface 
of the mandrel with the unlaxlally-oriented fibrils of the film 
microstructure oriented parallel to the longitudinal axis of the 

15 stent. This exterior covering fii Is described by the transverse cross 
section of Figure 6. A 2 mm wide seam IS was foraed froai the 
overlapped edges of the porous expanded PTFE film 2& by temporarily 
placing a thin sheet of polyamlde film over these edges and applying 
heat from a hand-held Iron with a surface temperature of about 400*C. 

20 The film-wrapped stent £S was then placed Into an oven set at 380 *C 
for 3 minutes, after which It was removed and allowed to cool. The 
film appeared to be well adhered to the exterior surface of the stent. 
The wall thickness of the film covering was about 0.01 mm. The 
enlarged stent was then collapsed by the following process. 

25 A series of 20 cm long 6-0 sutures were tied Individually to each 

of the closed metal stent openings adjacent to one end of a stent. 
The film-covered stent was provided with a temporary non-adhered 
additional wrapping of longitudinally-oriented film without FEP and 

- having a microstructure of unlaxlally-orlented fibrils. This 

30 temporary wrapping was intended as a dry lubricant. As described by 
Figure 7 which omits the exterior film covering for clarity, the 
enlarged stent 21 was then pulled by these sutures 21 through a 
tapered die 25 of round cross section and 2.5 cm length, the die 
having a tapered orifice with a 9.5 nm diameter bore at Its entrance 

35 28 and a 4.5 mm diameter bore at its exit 22- The result was that the 
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stent was collapsed back to an outside diameter of 4.5 ant. The 
lubricity of the temporary covering of porous expanded PTFE film aided 
in making it possible to pull the stent through the die. This 
temporary covering was removed after completion of the collapsing 
5 process. It is anticipated that the use of a tapered die having an 
appropriately sized, smaller diameter exit bore would result In 
collapsing the stent to its original collapsed diameter. The film- 
covered stent was again enlarged to a diameter of 8 nm using a balloon 
catheter followed by a tapered stainless steel mandrel. The covering 

10 of porous expanded PTFE film appeared to be fully Intact after the 
collapsing and enlarging of the film-covered stent. 

Stent coverings may be affixed to a stent surface by variations 
on this method. For example, a tubular sleeve may be made from a film 
of porous expanded PTFE and Inverted back Into Itself and fitted over 

15 the Inner and outer surfaces of a stent as shown by Figure 8. The 
inner and outer flj^ portions of the tubular sleeve fil uy be 
thermally adhered to each other through the openings in the stent 
wall, or may be adhered to the stent surfaces by an adhesive such as 
FEP, or may be affixed to the stent by suturing the open ends SL of 

20 the tube together. 



EXAMPLE 4 

A long length of 0.07 mm diameter single strand 304 stainless 
steel wire was provided with a single l^er, approximate 1 nm overlap 
covering of porous expanded PTFE film by helically wrapping the wire 

25 with a narrow tape cut from a sheet of porous expanded PTFE film. The 
tape used was 6 mm wide, 0.01 mm thick, 0.3 g/cc density, and had 
uniaxlally-orlented fibrils of about 50 micron fibril length. This 
_ tape-covered wire was then heated by pulling the wire through the 0.14 
mm diameter orifice of a 2.5 cm long die heated to 400*C, at a rate of 

30 1.5 meters per minute, thereby adhering the overlapped edges of the 
tape together and thereby adhering the tape to the wire. This wire 
was then cut into shorter lengths and spooled onto 16 bobbins. These 
bobbins were used to supply the wire to a model D-5600 Steeger 
braider. 
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A 12 ^eter length of 1.75 on diameter non-porous PTFE mandrel ms 
then fed Into the braider where a braided covering of the above wire 
was applied at a density of about 16 picks/aa. An additional covering 
Of tape cut fron a sheet of porous expanded PTFE filn then 
helically wrapped over the surface of the wire-braided PTFE mandrel 
The tape used for this helical wrapping was of 0.01 m thickness. 0.3 
g/cc density, about 50 micron fibril length and 12 m width. Adjacent 
edges of the helical wrapping were overlapped by approximately l m 
The wire-braided Teflon mandrel was then placed Into an oven set at 
380*C for four minutes, after which It was removed and allowed to 
cool. As shown by Figure 9, the wire-bralded stent SI with the 
exterior covering of porous expanded PTFE tape was then removed from 
the non-porous PTFE mandrel 91 by folding the ends fiS of the braided 
wires back on themselves and pulling on these everted ends. The 
exterior covering of porous expanded PTFE film is omitted fron Figure 
9 for clarity. By applying tension on these everted ends In a 
direction parallel to the longitudinal axis of the mandrel and from 
the everted end back toward the opposite, non-everted end. the entire 
braided construction was everted and simultaneously removed from the 
20 mandrel. This everting process of removing the braided assembly from 
the mandrel resulted in the helical wrapping of film being located on 
the lumen of the stent. This construction offered good self-expanding 
characteristics in that when longitudinal tension was placed on the 
stent, the length of the stent increased and the diameter decreased. 
Upon release of tension, the stent Immediately recovered its previous 
shorter length and larger diameter. This fllm-covered stent is 
therefore expected to be useful as a self-expanding stent. 
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We Claim: 

1. A tubular intraluminal graft comprising: 

a) a tubular, diametrically adjustable stent having an exterior 
surface, a luminal surface and a wall, and having a 

5 multiplicity of openings through the wall of the stent; 

b) a tubular covering of porous expanded 
polytetrafluoroethylene affixed to the tubular » 
diametrically adjustable stent, said tubular covering being 
less than about 0,10 nn thick, and said tubular covering 

10 having an exterior surface, a luminal surface and a seam 

extending from the exterior surface through to the luminal 
surface of the tubular covering. 

2. A tubular intraluminal graft according to claim 1 wherein the 
tubular covering of porous expanded polytetrafluoroethylene Is 

15 affixed to the exterior surface of the tubular diametrically 

adjustable stent. 

3. A tubular Intraluminal graft according to claim 2 wherein the 
tubular covering of porous expanded polytetrafluoroethylene is 
affixed to the exterior surface of the tubular diametrically 

20 adjustable stent by an adhesive. 

4. A tubular intraluminal graft according to claim 3 wherein the 
adhesive is a thermoplastic adhesive. 

5. A tubular Intraluminal graft according to claim 4 wherein the 
thermoplastic adhesive is a thermoplastic fluoropolymer adhesive. 

25 6. A tubular Intraluminal graft according to claim 5 wherein the 
thermoplastic fluoropolymer adhesive Is fluorlnated ethylene 
propylene. 

7. A tubular Intraluminal graft according to claim i wherein the 
tubular covering of porous expanded polytetrafluoroethylene is 

30 affixed to the luminal surface of the tubular diametrically 

- adjustable stent. 

8. A tubular Intraluminal graft according to claim 7 wherein the 
tubular covering of porous expanded polytetrafluoroethylene is 
affixed to the luminal surface of the tubular diametrically 

35 adjustable stent by an adhesive. 

9. A tubular intraluminal graft according to claim 8 wherein the 
adhesive Is a thermoplastic adhesive. 
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10. A tubular Intraluminal graft according to claim 9 wherein the 
thermoplastic adhesive is a thermoplastic fluoropolymer adhesive. 

11. A tubular intraluminal graft according to claim 10 wherein the 
thermoplastic fluoropolymer adhesive is fluorinated ethylene 

5 propylene. 

12. A tubular intraluminal graft according to claim 1 wherein the 
tubular covering comprises a first tubular covering of porous 
expanded polytetrafluoroethylene is affixed to the exterior 
surface of the tubular diametrically adjustable stent and a 

10 second tubular covering of porous expanded 

polytetrafluoroethylene flln is affixed to the luminal surface of 
the tubular diametrically adjustable stent. 

13. A tubular intraluminal graft according to claim 12 wherein the 
first tubular covering of porous expanded polytetrafluoroethylene 

15 is affixed to the second tubular covering of porous expanded 

polytetrafluoroethylene film through openings through the wall of 
the stent. 

14. A tubular intraluminal graft according to claim 13 wherein the 
first tubular covering of porous expanded polytetrafluoroethylene 

20 is affixed to the second tubular covering of porous expanded 

polytetrafluoroethylene film by an adhesive. 

15. A tubular Intraluminal graft according to claim 14 wherein the 
adhesive is fluorinated ethylene propylene. 

16. A tubular intraluminal graft according to claim 12 wherein the 
25 first and second tubular coverings of porous expanded 

polytetrafluoroethylene are affixed by an adhesive. 

17. A tubular intraluminal graft according to claim 16 wherein the 
adhesive is fluorinated ethylene propylene. 

18. A tubular intraluminal graft according to claim 2 wherein the 
30 porous expanded polytetrafluoroethylene has a microstructure of 
^ nodes Interconnected by uniaxi ally-oriented fibrils which are 

substantially parallel to each other, said unlaxi ally-oriented 
fibrils being oriented circumferentlally with respect to the 
tubular, diametrically adjustable stent. 
35 19. A tubular intraluminal graft according to claim 7 wherein the 
porous expanded polytetrafluoroethylene has a microstructure of 
nodes Interconnected by unlaxi ally-oriented fibrils which are 
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substantially parallel to each other, said unlaxi ally-oriented 
fibrils being oriented lengthwise with respect to the tubular, 
diametrically adjustable stent. 
20. A tubular intraluminal graft according to clala 2 wherein the 
5 porous expanded polytetrafluoroethylene has a microstructure of 

nodes interconnected by fibrils which are oriented in two 
substantially perpendicular directions, said two substantially 
perpendicular directions being oriented clrcusiferentlally and 
longitudinally with respect to the tubular diaawtrically 

10 adjustable stent. 

21- A tubular Intraluminal graft according to claim 12 wherein the 
first tubular covering of porous expanded polytetrafluoroethylene 
has a microstructure of nodes Interconnected by unlaxlally- 
oriented fibrils which are oriented circumferentially with 

15 respect to the tubular, diametrically adjustable stent, and 

wherein the second tubular covering of porous expanded 
polytetrafluoroethylene has a microstructure of nodes 
Interconnected by uniaxial ly*or1ented fibrils which are oriented 
longitudinally with respect to the tubular, diametrically 

20 adjustable stent. 

22. A tubular Intraluminal graft according to claim 13 wherein the 
first tubular covering of porous expanded polytetrafluoroethylene 
has a microstructure of nodes Interconnected by unlaxi ally- 
oriented fibrils which are oriented circumferentially with 

25 respect to the tubular, diametrically adjustable stent, and 

wherein the second tubular covering of porous expanded 
polytetrafluoroethylene has a microstructure of nodes 
Interconnected by unlaxi ally-oriented fibrils which are oriented 
longitudinally with respect to the tubular, diametrically 

30 adjustable stent. 

23. A tubular intraluminal graft according to claim 1 wherein the 
~ tubular Intraluminal graft cOTiprlses a tubular covering affixed 

to more than one tubular, diametrically adjustable stent. 

24. A tubular intraluminal graft according to claim 1 wherein the 
35 tubular diametrically adjustable stent Is a Nitlnol stent. 

25. A tubular Intraluminal graft according to claim 2 wherein the 
tubular diametrically adjustable stent Is a Nitlnol stent. 
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26. A tubular Intraluminal graft according to claim 7 Mherein the 
tubular diametrically adjustable stent Is a Nitlnol stent. 

27. A tubular Intraluminal graft according to claim 12 wherein the 
tubular diametrically adjustable stent is a Nitlnol stent. 

5 28. A tubular intraluminal graft according to claim 1 Mherein the 
stent is a balloon-expandable stent. 

29. A tubular intraluminal graft according to claim 2 Mherein the 
stent is a balloon-expandable stent. 

30. A tubular intraluminal graft according to claim 7 Mherein the 
10 stent is a balloon-expandable stent. 

31. A tubular intraluminal graft according to claim 12 wherein the 
stent is a balloon-expandable stent. 

32. A tubular intraluminal graft according to cUia 1 Mherein the 
stent is a self-expanding stent of braided Mire. 

15 33. A tubular intraluminal graft according to claim 2 Mherein the 
stent is a self-expanding stent of braided wire. 

34. A tubular intraluminal graft according to tlalm 7 Mherein the 
stent is a self-expanding stent of braided Mire. 

35. A tubular intraluminal graft according to claim 12 wherein the 
20 stent is a self-expanding stent of braided wire. 

36. A tubular intraluminal graft according to claim 1 Mherein the 
tubular covering of porous expanded polytetrafluoroethylene is 
affixed to the exterior surface and the luminal surface of the 
tubular diametrically adjustable stent. 

25 37. A tubular intraluminal graft according to claim 36 wherein the 
tubular covering is affixed by an adhesive. 

38. A tubular intraluminal graft according to claim 36 wherein the 
tubular covering Is affixed Mith sutures. 

39. A method of making a tubular intraluminal graft coq>r1s1ng: 
30 a) selecting at least one tubular, diametrically adjustable 

- stent having an exterior surface, a luminal surface and a 

wall, and having a multiplicity of openings through the wall 
of the stent; 

b) affixing a tubular covering to the exterior surface of the 
35 tubular, diametrically adjustable stent, said covering being 

less than 0.10 mm thick and said tubular covering having an 
exterior surface, a luminal surface and a sean extending 
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from the exterior surface through to the luminal surface of 
the tubular covering. 
40. A method according to claim 39 wherein the tubular covering is 
affixed with an adhesive* 
5 41. A method according to claim 40 wherein the adhesive Is 
fluorinated ethylene propylene. 

42. A method of making a tubular Intraluminal graft comprising: 

a) selecting at least one tubular, diametrically adjustable 
stent having an exterior surface* a luminal surface and a 

10 wall, and having a multiplicity of openings through the wall 

of the stent; 

b) affixing a tubular covering to the luminal surface of the 
tubular, diametrically adjustable stent, said covering being 
less than about 0.10 mm thick and said tubular covering 

15 having an exterior surface, a luminal surface and a seam 

extending from the exterior surface through to the luminal 
surface of the tubular covering. 

43. A method according to claim 42 wherein the tubular covering Is 
affixed with an adhesive. 

20 44. A method according to claim 43 wherein the adhesive Is 
fluorinated ethylene propylene. 

45. A method of making a tubular Intraluminal graft comprising: 

a) selecting at least one tubular, diametrically adjustable 
stent having an exterior surface, a luminal surface and a 

25 wall, and having a multiplicity of openings through the wall 

of the stent; 

b) affixing a first tubular covering to the exterior surface 
and a second tubular covering to the luminal surface, said 
first and second tubular coverings being in combination less 

30 than about 0.10 mm thick and said first and second tubular 

- coverings having an exterior surface, a luminal surface and 

a seam extending from the exterior surface through to the 

luminal surface of the tubular covering. 

46. A method according to claim 45 wherein the first and second 
35 tubular coverings are affixed by an adhesive. 

47. A method according to claim 46 wherein the adhesive is 
fluorinated ethylene propylene. 
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48. A method of making a tubular intraluminal graft comprising: 

a) selecting at least one tubular, diametrically adjustable 
stent having an exterior surface, a luminal surface and a 
wall, and having a multiplicity of openings through the 

5 wall, said tubular, dianetrically adjustable stent having a 

collapsed diameter and an enlarged diameter wherein said 
enlarged diameter is at least 1.5 tines the collapsed 
diameter, wherein said tubular, diametrically adjustable 
stent has been diametrically adjusted to the enlarged 
10 diameter; 

b) affixing a tubular covering to the tubular, diametrically 
adjustable stent; and 

c) collapsing the tubular, diametrically adjustable stent to 
about the collapsed diameter. 

15 49. A method according to claim 48 whtrtin the step of collapsing the 
tubular, diametrically adjustable stent to about the collapsed 
diameter is accomplished by pulling the tubular, diametrically 
adjustable stent through an orifice, said orifice having an 
entrance diameter and an exit diameter wherein said entrance 

20 diameter Is larger than said exit diameter, and wherein said 

orifice Is tapered between the entrance and exit diameters. 
SO. A method according to claim 48 wherein the tubular covering is 
affixed to the exterior surface of the tubular, diametrically 
adjustable stent. 

25 51. A method according to claim 48 wherein the tubular covering is 
affixed to the luminal surface of the tubular, diametrically 
adjustable stent. 

52. A method according to claim 48 wherein said tubular covering Is 
less than about 0.10 mm thick. 
30 53. A method according to claim 50 wherein said tubular covering Is 
~ less than about 0.10 mm thick. 

54. A method according to claim 51 wherein said tubular covering Is 
less than about 0.10 mm thick. 

55. A method according to claim 48 wherein said tubular covering is 
35 of porous expanded PTFE 

56. A method according to claim 49 wherein said tubular covering is 
of porous expanded PTFE. 
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57. A method according to claim SO wherein said tubular covering Is 
of porous expanded PTFE* 

58. A method according to claim 51 wherein said tubular covering Is 
of porous expanded PTFE 

5 59. A method according to claim 52 wherein said tubular covering Is 
of porous expanded PTFE. 

60. A method according to claim 53 wherein sild tubular covering Is 
of porous expanded PTFE. 

61. A method according to claim 54 wherein said tubular covering Is 
10 of porous expanded PTFE. 

62. A method according to claim 51 wherein said tubular covering has 
an exterior surface, a luminal surface and a seen extending from 
the exterior surface through to the luminal surface of the 
tubular covering. 

15 63. A method according to claim 52 wherein said tubular covering has 
an exterior surface, a luminal surface and a sea« extending from 
the exterior surface through to the lininal surface of the 
tubular covering. 

64. A method according to claim 53 wherein said tubular covering has 
20 an exterior surface, a luminal surface and a seam extending from 

the exterior surface through to the luminal surface of the 
tubular covering. 

65. A method according to claim 57 wherein said tubular covering has 
an exterior surface, a luminal surface and a seam extending from 

25 the exterior surface through to the luminal surface of the 

tubular covering. 

66. A method according to claim 58 wherein said tubular covering has 
an exterior surface, a luminal surface and a sean extending from 
the exterior surface through to the luminal surface of the 

30_ tubular covering. 

67. A method according to claim 59 wherein said tubular covering has 
an exterior surface, a luminal surface and a seam extending from 
the exterior surface through to the luminal surface of the 
tubular covering. 
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68. A method according to clain 60 wherein said tubular covering has 
an exterior surface* a luminal surface and a seaa extending from 
the exterior surface through to the luminal surface of the 
tubular covering. 

5 69. A method according to claim 61 wherein said tubular covering has 
an exterior surface, a luminal surface and a seam extending from 
the exterior surface through to the luminal surface of the 
tubular covering. 

70. A method of making a tubular Intraluminal graft, comprising 
10 a) braiding a length of wire to form a braided wire; 

b) helically wrapping an exterior covering of porous expanded 
polytetrafiuoroethylene tape around the braided wire; 

c) everting the braided wire wherein the exterior covering of 
porous expanded polytetrafiuoroethylene tape becomes a 

15 luminal covering. 

71. A method according to claim 70 wherein the length of wire has a 
covering of polytetrafiuoroethylene prior to braiding the length 
of wire to form a braided wire. 
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